Abstract-Digital relay is an important part of the power system and actually is based on fundamental frequency (50-60 Hz). Digital filter is applied for further processing and performs mathematical operations on sampled values. The digital signal processing (DSP) becomes more applied and used in proactive relays. Obviously, DSP is used in wide range of application (controls, radio, communications and other devices). In this paper the comparison between the conventional digital relay and developed relay using Matlab/Simulink is performed. As known the conventional relay is using mathematics algorithm to calculate the current input signal and to evaluate the fault current, total harmonic distortion (THD) and harmonic components. Likewise, the developed relay is using the current signal and evaluates it and converts the input signal to digital signal. Since the digital signal is more flexible and easier to progress it and work on it. Importantly, the test is used to evaluate the functions and mathematics for both relays.
INTRODUCTION
The test concept has built based on relay functions and the effect of harmonics on relay algorithm. Practical part has included generating a few harmonics to relay and shows the effect of them and how the relay mathematics can understand the harmonics. The harmonic test is applied to the protection relay current inputs where the current transformers are normally supplying the relay. Overcurrent relay is an important part of the power system. However, overcurrent protection is used to protect the various elements in power system from the faults which are occurred due to many reasons, moreover, the fault signal of current or voltage contains harmonics affect the original signal wave behavior and form. The harmonic signal has own amplitude and phase shift or change in the phase of a waveform is summed with the original signal makes relay acted incorrectly and especially the trip estimate time will affect the relay function. Digital relays are storing all events in files called events fault recorder. This event contains the current and voltage waves for all input and output signals, moreover, the report of event viewer contains the distortion of the current and voltage signals, harmonic number, the circle diagram of relay characteristics and harmonic percentage of the fundamental signal. The fault recorder also stores the binary inputs and outputs including the tripping time if present [6] [11] [12] .
CMC 256 plus is a test device intended for testing protection relays. The test configuration aim is defining of a current error signal. The test has designed to evaluate digital relay (IED) and comparing its function with relay has built using Matlab Simulink environment. It is common to distinguish between (IED) and the relay which is developed using Matlab offers more flexibility and reliability than the IED due to signal processing elements which have found in Simulink libraries.
II. TESTING STEPS

A. Testing Protection
The configuration of relays is beginning step on our test includes the matrix of the inputs and outputs signals and the relay characteristics. There are different types of overcurrent characteristics (reverse, definite time).
Relays have been tested to check the ability to get correct measurements from it. Both relays under test have the same configuration and same settings and parameters. For testing of relay function there are important parameters: the curve range and the trip times. Moreover, the standard RIO/XRIO is supported by various vendors. The interface allows importing the relay settings and data.
B. Relay Protection Function
The total harmonic distortion (THD) is the harmonic distortion ratio of the fundamental frequency. The harmonics injected as the percentage of current fundamental signals since many types of load produce harmonic currents which are important to measure and determine them in power system. Common digital meters provide voltage and current measurements with RMS values. The meter calculates the amplitude values of current and voltage signals since the harmonic distortion is mixed with the waveforms of current and voltage. It is important to determine the amplitude of harmonic from the fundamental signal. The reason behind study the harmonics is the distorted voltage and current affect the RMS input voltage for equipment. Moreover, the harmonic distortion effect can increase heating of transformers, capacitors, motors and generators also misoperation of electrical equipment and protective relays depend on voltage zero crossing detection. Misoperation is any failure of a protection system element to operate within the specified time when a fault or abnormal condition occurs.
III. RELAY ALGORITHM
A. The Relay Under Test (DUT)
Intelligent electronic device (IED) is a universal device for protection. The relay under test (DUT) offers high-speed tripping time and allows the possibility to set flexible characteristics. The relay provides a backup overcurrent protection with its settings for different characteristics -inverse time characteristics according to IEC 60255-3 and ANSI/IEEE stages. Every IED has digital filter consists of analog-to-digital converter to sample the input signal and element the high harmonics, especially, for ground fault currents which can contain 3rd and 5th harmonics [8] .
The tripping time t is calculated with the following equation normal inverse: The relay provides a thermal overload protection which contains can protect electro and electromechanical devices from overheating.
Protection relays cannot prevent or stop the fault happens. Therefore, relay act after the fault occurs:
 The use of overcurrent relay disconnects the faulty part on the power system and enables further parts of the power system.
 Reliability is an ability of digital protections to do its function during service life.
 Remove the fault occurs in the power system fast and without damage elements. Tripping time should be set according to relay characteristics.
 The IEC 61850 standard is applied in digital relays to set the communications between relays from various vendors.
B. Omicron and Harmonics
The test offers generating the signal sequence live and output the THD as static state and export it as a Comtrade file set for separate playback. Comtrade is a format for transient data exchange for power system. The calculation of RMS value is provided using the following equation [3] :
RMS : Total RMS value : RMS value of fundamental frequency : Total RMS value of harmonics
Tripping time is compared with/without harmonics and calculated according to the following formula:
+ : tripping time for signal with harmonics : tripping time for signal without harmonics Three phase currents are used to test the relay and obtain the harmonic distortion; moreover, the configuration requires correct settings for each round of the test. The fundamental current value is 2 A, time duration is 10 seconds, and the RMS of harmonic value is (10%-20%-30%-40%-50%) of fundamental current; after that, tripping time is measured for each percentage of fundamental signal, an event is recorded and stored in the relay.
C. Simulation Part
Overcurrent is designed using Matlab/Simulink environment. First step is to get the signal of current from current transformer side, apply some functions and measurements on it. The digital processing signal is the process of modifying a signal to improve the performance of the relay, to eliminate high-frequency components and avoid the phenomenon of aliasing from fault signal; low pass anti-aliasing analogue filters with suitable cutoff frequency are used. Holding and sampling the signal is the second block of the signal process which converts the analog signal to samples. 
D. Digital Processing Signal
Before sampling the input signal goes through the analog low pass filter to remove frequency greater than the fs=50 Hz, also the filter allows the components lower than 50 Hz to pass. This filter removes the high distortion of the signal. The fundamental frequency is 50 Hz in consideration of relay operation is working with the same fundamental frequency [9] . Moreover, the filter cut-off frequency should be considered in the case of evaluation of harmonics. The digital relay has digital filter algorithms, providing elimination of higher harmonics, especially for zero-sequence fault current. The input current signals include the fundamental frequency, decaying DC and harmonics which appear as higher frequency. Therefore, the components contain higher frequency are more dangerous than the rest of the components, especially if they are close to the sampling frequency, for example, the relay should evaluate the level of the fifth harmonic (fk=250 Hz). It is required the sampling frequency higher than 1000 Hz [13] . After sampling the analog signal more functions can be done to convert the signals to digital form. Therefore, Quantizer is analog to digital converter and the difference between an input signal and quantized output is referred to as quantization error. It means the quantizer does not change the amplitude or the RMS values of the input signals [7] .
E. Omicron Enerlyzer
Enerlyzer measurement option can monitor and export the Comtrade format allows reading all input signals from IEDs such as an electronic protective relay. Considering that the test is based on harmonic test allows recording the current input signals, show the trigger time and tripping time. The sampling frequency can be selected from three different values 3 kHz -9 kHz -28 kHz and from 10 input values (binary/analog) as shown in Fig 3. Using instrument transformers to measure, the current and the voltage can be measured via the analog measurement inputs of binary/analog input. 
A. Relay A
The Fig. 4 shows mixed three harmonics (2nd, 4th, 6th) of the fundamental signal. The total harmonic distortion is 30% -50% of the current signal according to the relay report for the first diagram (30%) which records and stores the following measurement:
 2nd harmonic is a percentage from the fundamental, measured value is 16.8% from original signal 17.5%.
 4th harmonic is a percentage from the fundamental, measured value is 14.5% from original signal 17.5%.
 6th harmonic is a percentage from the fundamental, measured value is 11.2% from original signal 17.5%. The relay report is shown in the second diagram and records the following measurement when the harmonic percentage is 50% from the signal as shown in Fig. 4:  2nd harmonic is a percentage from the fundamental, measured value is 27.8% from original signal 28.9%.
 4th harmonic is a percentage from the fundamental, measured value is 23.9% from original signal 28.9%.
 6th harmonic is a percentage from the fundamental, measured value is 18.5% from original signal 28.9%.
 The third and fourth diagrams in Fig. 4 show the signal from Enerlyzer which is considered as correct value regarding the accuracy of signal generator.
The Fig. 5 shows mixed three harmonics (3rd, 5th, 7th) from the fundamental signal. The total harmonic distortion is 30% -50% from the current signal according to the relay report shown in the first diagram and records the following measurement when the harmonic percentage is 30% from the signal:
 3rd harmonic is a percentage from the fundamental, measured value is 15.9% from original signal 17.5%.
 5th harmonic is a percentage from the fundamental, measured value is 12.9% from original signal 17.5%.
 7th harmonic is a percentage from the fundamental, measured value is 9.4% from original signal 17.5%. The relay report is shown in the second diagram and records the following measurement when the harmonic percentage is 50% from the signal as shown in fig (5 
):
 3rd harmonic is a percentage from the fundamental, measured value is 26.1% from original signal 28.9%.
 5th harmonic is a percentage from the fundamental, measured value is 21.4% from original signal 28.9%.
 7th harmonic is a percentage from the fundamental, measured value is 15.6% from original signal 28.9%.
The third and fourth diagrams in the Fig. 5 show the signal from Enerlyzer which is considered as correct value regarding the accuracy of signal generator.
B. Relay B (Simulink Model)
The Simulink model in Fig. 2 can calculate the fundamental frequency and other components which are contained in the input signal. Fig. 6 shows the selected signal in the time domain with FFT window [10] and the fundamental frequency and highfrequency components obtained in following measurements for THD 30% (2nd, 4th and 6th):
 The fundamental signal measured value is 100%.  (2nd, 4th, 6th) measured value is 17.5%. The fundamental frequency and high-frequency components obtained in following measurements for THD 50% (2nd, 4th and 6th) are shown in Fig. 7:  The fundamental signal measured value is 100%.  (2nd, 4th) measured value is 28.9%.
 6th harmonic percentage 15.6% from the fundamental signal 25%. The fundamental frequency and high-frequency components obtained in following measurements for THD 50% (3rd, 5th and 7th) are shown in Fig. 8 .  Fig. 7 shows the results of Fast Fourier Transform applied on signal with THD 50%
 Current RMS value is 2 A and the current transformer ratio in relay A is 800A/1 A.
A. The table shows the differences between the measurements obtained for relay A (sampling frequency 1 kHz) and relay B sampling frequency (3 kHz-9 kHz -28 kHz).
Tripping time for the overcurrent relay is recorded for all cases and it is increased directly proportionally with increasing of THD.
B. Evaluation of Relays A&B
Relay A captured less THD than the real values. The evaluation of current RMS showed the measured current is less than the generated current as well due to these parameters, the relay wouldn't work correctly could be caused by the harmonic distortion.
Relay B is modeling and testing of overcurrent relay using Matlab/Simulink. One function of this model is Fast Fourier Transform which allows determining signal's components and playback the test with flexible functions on the input signal such as spectrum analyzer which allows displaying the frequency spectrum of time-domain signals; furthermore, the harmonic distortion scope shows the relation between the harmonic power ratio in decibels (dB) of the measured power with frequency domain. The paper explains part of digital signal processing in power system. Moreover, the paper provides different methods to compare the relay algorithm which can be used in power system based on harmonics impact once they injected in high values. Implementation of the test needs to analyze the occurrence of events in the power system. Each event contained in input signals can be imported to Matlab via Comtrade reader which is used to read the selected event.
The test is used to record signals in Comtrade form and could be used for testing IED using sample values according to IEC 61850.
